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as their copolymers, in which one or more textile reinforcing elements made from p 
embedded in an open-cell plastic matrix with a pore size of 10 to 200 urn. 
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The invenflon reia.es to porous implants of tt?ZSX?X?* 
damaged, injured or missing body parts and ••"<* «™P are unsuitable due to the excessive 

aw: s=a rar^^rsi — be p.— by b 0dy 

fluids, cells and blood vessel,, so M< no ^ ^ monofl|aments of 

patent 4 292 972. Apart from pourable ceramic "^J^ ^^SSbJ 'polymers .However. 
£ i0 po.ymers such as hv^.oi^ ge^ns or ^^^S^W^^t* Products formed from 

ZX^^^^^^ -» — — ^ " 

TH TetTTtCTood physiologicai compatibility syntheUc resorbable pcJyrners 

J£2£Z acids Lve Ln -^^.^^^^^^iS 
according to which iactidos are £'Y™'»' W * a .^^^^^ dioxa-vwater in 

at elevated temperatures of 150 to 200 C ana in va ™" * ' a^j, and 70 % benzene and 

benzene, the polymer obtained is dissolve. >"*^J^^ZXt fM benzene solution 
mixed with a surfactant, such as sodium oleate. ^J* 3 *^™ ™£ used as ^ weWn g agent is in the 

only facilitate the penetration of liquids but Amphoteric surfactants or soap. 

tart? - Tzrxzsmz- — -— - - —~ 

s. unban, oi «. p>«» »<«*» » » rT*tr^zrs^tisr~ «2TS«I - 
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TO 



being given in mo subc,a,ms. in addition, for soMng the invent probiem. process for producing me 
implants are proposed. strenath of such implants is dependent 

Z2Z TSZZS £ZS2£?~ £ = - - - - " 

pore shape. . tBxti i e re jnforcinq elements ot resorbable plastic 

It has surprisingly been found mat on ncorporatng MM . ™ m ™= sig „ificantly improve the 

such as fibres, yarns, braids, knitted fabncs and the like. Ms W» ^elasticity of me foam 
mechanical strength, without modifying the porosity *** h ^^^ 8 ^ can be increased in 
materials. As a function of me choice of ™ to ™9 ^^h^Tn^eL the stability in only one 

one or more directions in space, in mat a g P***« fi ^. r ^~ ^ Responding surfaces, 
direction and net-iike flat structures improve me same in all directions or <n t~ 
The invention is further illustrated hereinafter by means of examples. 
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I. Production of the Plastic Matrix 

The production of the starting polymers is described hereinafter: 



>!e A: Polyladides 

The stating polymer is produced in that purified £ 

3K: - = - — a hioh ~- 71,680 

polylactides have the following general formula: 

H-(-0-CH-<> ) n -0H 

i ■« 

CH 3 

in which n has a value of 300 to 1200 polymers with 

Poly-L-lactide. poly-DL-lactide, as well as copolymers of these wo sudw g]y colides, the 

glycolides can in particular be used for the .nver^epr^ 0 V 

polylactides can also contain other monomers, such as are referred to e.g. us pare 
40 3, lines 26 to 36. 
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Example B: Polyglycolides 

" The inventively used po.yglycolides are obtained by me poiymerization of glycolio acid and have me 
following general formula: 

H-(-0-CH 2 -C- ) n -0H 

in wh ich n ,s such that me molecular weigh, is i n a ra^MO 000 ^~ t ^^ 
prepared in that g.ycolide is f^^ u ^^J^l^ me poiygiycolide is isolated 
^^Z^^^^^^ — d ^ ^3.3.3-^ fluoro-a-propanol 
is in the range 0.5 to 4. 
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Example C; Copolymers of Glycolide and Lactide 

9 parts by weight of glycolide and 1 part by weight of L-lactide are polymerized with glycolic acid and 
tin flin-caprylate, as described in DE-OS 21 62 900. whilst excluding oxygen and moisture for approximately 
4 hours at 200*C. The inherent viscosity of the polymer is 0.5 to 2.5 when measured in 1.1.1.3.3,3- 

ttock comers of glycolide and lactide can also be used for the inventive products and processes, 
as described in DE-OS 28 49 785. 

Example D: Polvdioxanone 

The inventively used polvdioxanone has the following general formula 
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Polydioxanone is polymerized by the ring-opening polymerization of 2-oxo-1,4-dioxan in the presence of Sn 
catalists such as e.g. tin (ll)-caprylate at 120 to 150-C, whilst excluding oxygen and moisture, within 1 to 4 
hours. The inherent viscosity (measured in l,1.1.3,3.3-hexafluorc-2-propanoD of the polymer is in the range 
0.5 to 3 and preferably 1 .5 to 2.2. 

H. preparation of the Plastic Solution or Dispersion 

Decisive for the preparation of the plastic matrix are the solvent chosen and the concentration of the 
resorbable plastic in the solvent to be freeze dried and optionally, in the case of a modified process, the 
addition of crystalline additives. Other solvents can be used, particularly in the latter case. 

A. Solvent influence 

According to the invention use is made of the following solvents: 

a) i,4-dioxan . rtH 

b) 1 .4-dioxan with an acetate of a & to Co alcohol, namely ethyl acetate in the ratio 9:1 . 

c) hexafluoroisopropanol and as the comparison solvent 

d) benzene with and without surfactant. 

In each case 5 g of a poly-L-lactide according to example A are introduced into 100 g of the particular 
40 solvent and frozen from 20° C to -60°C in between 30 and 300 seconds and then freeze dr.ed in vacuo. 

The following table 1 shows the influence of the solvent selection on the pore structure of the polymer 
matrix. 
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50 The values of table I clearly show that only the inventively used solvents lead to a suable ^yrnermatrix_ 
» results were obtained with the other polymerizable polymers accord ng to example B 
Tp^yglycolides). example C (copolymers) and example D (po.ydioxan). as m shown by table II. 
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B. Influence of the Concentration 

£££ in L midd ,a o, *e i— e concent 
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C. Adjusting the Pore Size Distribution by Crystalline Additives 

4 carts of a copolymer of L-lactide and glycolide (9:1) and 1 part of citric acid are Prized, screened 
^ ^nl Z^ro being dlssoived and/or suspended with 40 pans of 1.1,1.3.3.3-hexafluoro.2. 
propanol. As described in A. this mixture is frozen and freeze dried. 

The citric acid is extracted with tetrahydrofuran from the resulting crude foam. 

T^e fo^Sns circular, open pores, whose pores sizes are largeiy dependent on the particle s,ze 
distribution of the citric acid used. An example is given in table IV. 
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TABLE IV 

Influence of Crystalline Additives 
on the Pore Structure 



Particle Size Citric Acid Pore Size in Foam 

80% 20pm to 40pm 75% 70pm to 40pm 
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80* < 20ym 90* < 2°>» 



ML Production of the Implants 

Example 1 " 

S ^ te to V^owTl t Tvln < T te n Si le strength of the po.ymer matrix without reinforcing insert^ 
«J££d a ten— at 50 mm/min and a 2x10x50 mm test piece, the tensile strength through the 
surface of fracture gave the indicated tensile strength. ^. ar 

Th* ™ T3ed a rise in the tensile strength of the polymer matnx with .ncreasing polymer 
con^^(nTt?i under lower freezing conditions (test 5). as weU as the comparatively .nfenor 
values in the case of a conventional solvent (tests 2 and 6 compared with test 7). 
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TABLE V 
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Test No. 



2 
3 
4 
5 
6 



Polymer 
Concentration 
(g/ 100ml of 
solvent) 



6 

10 
15 
4 
6 



Tensile 
Strength 

N/mm 2 
0.10 



0.35 
0.90 
1.95 
0.28 
0.53 

0.30 



Freezing 
Conditions 



A 
A 
A 
B 
A 



Solvent 



1,4-dioxan/ ethyl 
acetate 9:1 



1,4-dioxan/ 
isoamyl acetate 
19:1 

benzene 



35 



A 20°C to -60°C in 30-300 seconds 



B 20°C to -130°C in 30-300 seconds 

Table VI shows the surprising increase in the tensile strength when using textile reinforcing elements in 
^ a polymer matrix according to example 1. 
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TABLE VI 



Tensile Strength of Reinforced Porous Implants 



5 

10 


Polymer 
Concentration 
(g/lOOral of 
solvent) 


i ens i le 
Strength 

N/mnT 


Reinforcing Element 




4 


0.10 


without 


15 


4 


1.35 


2dpf yarn, length 2-5 cm 




4 


8.0 


knitted net 


20 


10 


1.30 


2dpf yam, 1-5 mm 




10 


10.2 


knitted net 
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elements of different weaving structures. 



TABLE VII 



Breaking Force of Porous Implants with Woven Reinforcing Elemen ts 

Breaking Force Reinforcing Element 

none 
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1.4N 
40 

70 

150 



thick-walled hose, 2x56 denier 
threads 

impervious hose, 4x56 denier 
threads 

very thick-walled, impervious 
hose, 8x56 denier threads 



Test pieces: 



external diameter 4 mm 
internal diameter 2.7 mm 

Polymer concentration: 5g/100ml of solvent 

Reinforcing element: copolymer of L-lactide and glycolide 1:9 



Claims 

1 Implant of an open-cell, foam-like plastic material based on resorbable polyesters such as poly-p- 
55 dioxanone other polyhydroxy carboxylic acids, po.ylaotides or polyglycolides. as well as the.r cowmen, 
M chafed in that one or more reinforcing elements of a textile nature formed from resorbable p.ast,c are 
embedded in an open-cell plastic matrix with a pore size of 10 to 200 urn. 
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2 implant according to claim 1, characterized in that compared with the resorbable ptarHc of the matrix. 

~r r o^^ 

° f ^.^aTacoordlng to claims 1 to 3. characterized in that the density of the plastic matrix is 0.05 to 
°' 60 6 9/ ^oce S s for the production of an implant according to Cairns 1 to 5. characterized In M .jrtrr 

and then the sohrent Is jT^grt in that me solvent used is hexafluoroiscpropanol. 1.4- 

an inherent viscosity of 0.5 to 4.0. characterized in that the textile reinforcing 

9 Modification of the process according to claims 6 to 8, cnaractenzea in tn<* 

extracted from the implant with a suitable inert solvent. 
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